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(54) LITHIUM BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize the stabilized battery 
performance while improving the lifetime of battery by having fine 
holes in the gel-like electrolyte of at least one of an electrode of a 
positive electrode and a negative electrode, and filling inside of the 
fine holes with the liquid electrolyte. 

SOLUTION: Positive electrode mix 1 mainly composed of lithium 
cobaltate as the positive electrode active material is coated on a 
positive electrode collector 3 formed of an aluminum foil. Negative 
electrode mix 2 mainly composed of carbon as the negative 
electrode active material is coated on a negative electrode collector 
4 formed of a coper foil. The positive electrode mix 1 and the 
negative electrode mix 2 are laminated through a separator 5 made 
of the gel-like electrolyte. A positive electrode active material sheet 
is impregnated with the electrolyte solution obtained by mixing the 
two functional acrylate monomer in the electrolyte, and the 
monomer is polymerized. A surface of the positive electrode mix 1 
is formed with a layer of the gel-like electrolyte having a mean 
thickness of 2 urn. The electrolyte has fine narrow holes having a 
hole diameter of 1 um or less, and the gel-like electrolyte and the 
free liquid electrolyte existing in the fine narrow holes exist together 
in the micro condition. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A lithium cell characterized by for a gel electrolyte in an electrode having micropore and the liquid-like 
electrolytic solution existing in this micropore at least in one side in a lithium cell which a positive electrode which 
contains an electrode active material and a gel electrolyte at least, and a negative electrode were made to counter 
through a separator containing a gei electrolyte among said positive electrode and a negative electrode. 
[Claim 2] electrode of one [ at least ] of said positive electrode and a negative electrode — a mixture — a layer 
which consists of a gel electrolyte forms in the surface — having — **** — and this electrode — a mixture — a 
lithium cell according to claim 1 characterized by for a gel surface electrolyte layer having micropore and the liquid- 
like electrolytic solution existing in this micropore. 

[Claim 3] at least one of said positive electrode and a negative electrode — setting — said electrode — a mixture - 
- a lithium cell according to claim 2 with which a gel surface electrolyte layer and a gel electrolyte in an electrode 
are characterized by really being formed. 

[Claim 4] A lithium cell according to claim 1 to 4 characterized by a degree of swelling to an organic solvent of 
polymer which constitutes a gel electrolyte in said electrode being lower than a degree of swelling to an organic 
solvent of polymer which constitutes a gel electrolyte in said separator at least in one side among said positive 
electrode and a negative electrode. 

[Claim 5] A lithium cell according to claim 1 to 4 which sets at least to one side among said positive electrode and a 
negative electrode, and is characterized by compressibility of a gel electrolyte in said electrode being lower than 
compressibility of a gef electrolyte in said separator. 

[Claim 6] A lithium cell according to claim 1 to 4 with which polymer which constitutes a gel electrolyte in said 
separator is characterized by mainly having structure where compatibility is high, to the electrolytic solution which 
comes to dissolve lithium salt in an organic solvent. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to amelioration of the electrolyte in the 

electrode of the lithium cell containing a gel electrolyte in more detail about a lithium cell. 

[0002] 

[Description of the Prior Art] In recent years, pocket equipments, such as a cellular phone, PHS, and a small 
personal computer, have a miniaturization and remarkable lightweight-izing in connection with progress of 
electronics technology, and a miniaturization and lightweight-ization are increasingly called for also in the cell as a 
power supply used for these equipments. 

[0003] Although there is a lithium cell as one of the cells expectable for such a use, in addition to the lithium 
primary cell already put in practical use, research for utilization of a lithium secondary battery, high-capacity-izing, 
and reinforcement is advanced. Especially as for each conventional lithium cell, various kinds of research and 
development are made from before for the utilization of the lithium secondary battery of a thin form configuration 
whose cylindrical shape or square shape used the solid-state or the gel electrolyte to being a center. 
[0004] After inserting in the battery case of a cylindrical shape or a square shape a positive electrode, a negative 
electrode, and the electrode group that consists of a separator in the case of a cylindrical shape or a square shape 
lithium secondary battery, it is produced through the production process of pouring in the liquid-like electrolytic 
solution. On the other hand, in a solid electrolyte lithium secondary battery, after making a positive electrode and a 
negative electrode counter through a solid-state or a gel electrolyte, it is produced by the method of carrying out 
packing. However, such a solid electrolyte cell had the defect that high rate charge/ discharge capability ability and a 
cycle life were short, as compared with the cylindrical shape or the square shape cell. 

[0005] The following factors are mentioned as this cause. That is, in order to pour in the liquid-like electrolytic 
solution in the case of a cylindrical shape or a square shape cell, reservation of 1x10 to 3 S/cm order to which the 
lithium ion conductivity in an electrode and a separator is generally said as level required for cell actuation is easy, 
since [ on the other hand, ] an electrolyte is a solid-state in the case of a solid electrolyte cell — lithium ion 
conductivity — a liquid system — comparing — low — not becoming — even if it was the gel electrolyte which did 
not obtain, but added the organic solvent, made it gel, and raised ionic conductivity, generally reservation of 1x10-3 
S/cm order was difficult. Therefore, there was a defect that charge/discharge capability ability was inferior. 
[0006] Furthermore, since the interface between an electrode/separator is a solid-liquid interface in the case of a 
cylindrical shape or a square shape cell, interfacial resistance is comparatively low. On the other hand, since the 
interface between an electrode/separator served as contact of solid-states in the case of a solid electrolyte cell, as 
compared with the cylindrical shape or the square shape cell, interfacial resistance could not but become high. 
Therefore, migration of the lithium ion between an electrode/separator was checked, and there was a defect that 
high rate charge/discharge capability ability and a cycle life were short. 

[0007] Then, as a gel electrolyte which raised lithium ion conductivity, polyethylene oxide was used for the polymer 
frame and, conventionally, the gel electrolyte which added the electrolytic solution which becomes this from lithium 
salt and an organic solvent has been examined most widely. By using for a polymer frame the polyethylene oxide 
which has lithium ion conductivity, though it is a solid-state, and specifying a mixing ratio with lithium salt or an 
organic solvent, lithium ion conductivity of the 1x10-3 S/cm order which is equal to a liquid system electrolyte by 
current is realized, and the lithium cell using this gel electrolyte has resulted in utilization level mostly. 
[0008] 

[Problem(s) to be Solved by the Invention] However, although the lithium cell using polyethylene oxide which was 
described above showed sufficient cell engine performance at the time of low rate discharge, at the time of high rate 
discharge, the improvement in lithium ion conductivity and reduction of the interfacial resistance between an 
electrode/separator still ran short, and there was a trouble that it was difficult to hold the cell engine performance 
on sufficient level in it. Since polyethylene oxide has the property which restrains a lithium ion when the gel 
electrolyte which used polyethylene oxide for the polymer frame is especially used also for the electrolyte in an 
electrode, Since it is easy to swell polyethylene oxide in the organic solvent in an electrolyte when migration of the 
lithium ion between the inside of the electrolyte in an electrode, or an electrode/separator is checked further, and it 
becomes easy to generate electronic isolation of an active material particle. There was a trouble that it was difficult 
to hold the cell engine performance on sufficient level, comparatively also at the time of the charge and discharge in 
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a low rate. 

[0009] Even if this invention is made in view of the above-mentioned trouble and does not need a special 
manufacturing process etc., the ionic conductivity of the electrolyte in an electrode and a separator is held for 
1x10-3 S/cm order. And while realizing smooth migration of the lithium ion between the inside of the electrolyte in 
an electrode, or an electrode/separator By controlling the swelling of the electrolyte in an electrode and holding 
electronic contact of an active material particle The cell engine performance is held on sufficient level not only at 
the time of low rate charge and discharge but at the time of high rate discharge, and it aims at offering the lithium 
cell which can obtain the long lasting and stabilized cell engine performance. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in a lithium cell which a 
positive electrode which contains an electrode active material and a gel electrolyte at least, and a negative 
electrode were made to counter through a separator containing a gel electrolyte, among said positive electrode and 
a negative electrode, at least in one side, a gel electrolyte in an electrode has micropore, and the 1st of this 
invention is characterized by the HquidHike electrolytic solution existing in this micropore. 

[0011] the 2nd of this invention — electrode of one [ at least ] of said positive electrode and a negative electrode - 

- a mixture — a layer which consists of a gel electrolyte forms in the surface — having — **** — and this 
electrode — a mixture — a gel surface electrolyte layer has micropore and it is characterized by the liquid-like 
electrolytic solution existing in this micropore. 

[001 2] the 3rd of this invention — at least one of said positive electrode and a negative electrode — setting — said 
electrode — a mixture — a gel surface electrolyte layer and a gel electrolyte in an electrode are characterized by 
really being formed. 

[0013] The 4th of this invention is characterized by being lower than a degree of swelling to an organic solvent of 
polymer with which a degree of swelling to an organic solvent of polymer which constitutes a gel electrolyte in said 
electrode at least in one side constitutes a gel electrolyte in said separator among said positive electrode and a 
negative electrode. 

[0014] The 5th of this invention is set at least to one side among said positive electrode and a negative electrode, 
and is characterized by compressibility of a gel electrolyte in said electrode being lower than compressibility of a gel 
electrolyte in said separator. 

[001 5] The 6th of this invention is characterized by mainly having structure where compatibility is high, to the 
electrolytic solution with which polymer which constitutes a gel electrolyte in said separator comes to dissolve 
lithium salt in an organic solvent. 
[0016] 

[Function] The following operations are expectable with this invention. In at least one of the positive electrode 
which contains an electrode active material and a gel electrolyte in the 1st at least first, and a negative electrode 
When the gel electrolyte in an electrode shall have micropore and the liquid-like electrolytic solution shall exist in 
this micropore While the liquid electrolytic solution of isolation with which the electrolyte in an electrode exists a gel 
electrolyte and in micropore will be in the condition of being intermingled micro and holding the ionic conductivity of 
the electrolyte in an electrode for 1x10-3 S/cm order at least It becomes possible to realize smooth migration of a 
lithium ion. Consequently, the cell engine performance can be held on sufficient level also at the time of high rate 
charge and discharge, and the long lasting and stabilized cell engine performance can be obtained. 
[001 7] The layer which consists of a gel electrolyte is formed in the surface, moreover, the electrode of one [ at 
least ] of the 2nd positive electrode and a negative electrode — a mixture — and this electrode — a mixture — a 
gel surface electrolyte layer shall have micropore and the liquid-like electrolytic solution shall exist in this micropore 

— an electrode — a mixture, while surface irregularity disappears with an electrolyte Contact of an electrode and a 
separator turns into contact of electrolytes in fact, and the interfacial resistance between an electrode/separator is 
reduced remarkably. Therefore, it becomes possible to realize smooth migration of the lithium ion between an 
electrode/separator. Consequently, high rate charge/discharge capability ability and the cycle-life engine 
performance can be raised further. 

[0018] further — at least one of the 3rd positive electrode and a negative electrode — setting — an electrode — a 
mixture — the gel surface electrolyte layer and the gel electrolyte in an electrode are really formed — an 
electrolyte layer — an electrode — a mixture — even if it not only can acquire the operation by having been 
formed in the surface effectively, but does not use the special manufacture method — an electrode — a mixture — 
a surface electrolyte layer can be formed easily. 

[0019] Moreover, the degree of swelling to the organic solvent of the polymer which constitutes [ 4th ] the gel 
electrolyte in an electrode at least in one side among a positive electrode and a negative electrode By considering 
as a thing lower than the degree of swelling to the organic solvent of the polymer which constitutes the gel 
electrolyte in a separator It can control the swelling of the electrolyte in the electrode by migration of the organic 
solvent accompanying migration of the lithium ion in charge and discharge, and it not only becomes possible to hold 
electronic contact of an active material particle, but can hold electrolytic solution for advance of a cell reaction with 
the sufficient electrolyte in a separator. Consequently, the stable cell engine performance is not only obtained, but 
the effect of raising high rate charge/discharge capability ability and the cycle-life engine performance can obtain 
efficiently. In addition, the degree of swelling said here is defined by the ratio of the polymer volume after the 
swelling when carrying out fixed time amount immersion and carrying out swelling enough at which it is in a 
superfluous organic solvent, and the polymer volume in front of swelling in the polymer which constitutes a gel 
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electrolyte. That is, it means that the volume change of what has a lower degree of swelling the constraint nature of 
the organic solvent in an electrolyte is low, and according to migration of the organic solvent of a gel electrolyte is 
also smaller. 

[0020] Moreover also by setting at least to one side among a positive electrode and a negative electrode, and using 
an electrolyte with which the compressibility of the gel electrolyte in an electrode becomes lower than the 
compressibility of the gel electrolyte in a separator, the swelling of the electrolyte in the electrode by migration of 
the organic solvent accompanying migration of the lithium ion in charge and discharge can be controlled, and 
electronic contact of an active material particle can be held [ 5th ]. Furthermore, although thickness change of the 
electrode by expansion contraction of an active material particle is also generated in coincidence with advance of a 
charge-and-discharge reaction, since the compressibility of the electrolyte in a separator is high, when it follows in 
footsteps of thickness change [ an electrode ] and the thickness of a separator changes, the rise of the interfacial 
resistance between an electrode and a separator can be controlled. Consequently, the stable cell engine 
performance is not only obtained, but the effect of raising high rate charge/discharge capability ability and the 
cycle-life engine performance can obtain still more efficiently. 

[0021] In addition, the compressibility said here is defined by the ratio of the thickness into which it was 
compressed when compressing a gel electrolyte by a certain fixed pressure, and the thickness before compression. 
That is, the thing which has low compressibility means that the thickness change by compression is small. 
[0022] Furthermore, by mainly having the structure where compatibility is high, to the electrolytic solution with 
which the polymer which constitutes the gel electrolyte in a separator in the 6th comes to dissolve lithium salt in an 
organic solvent, a polymer frame can gel easily with the electrolytic solution, and sufficient electrolytic solution for 
advance of a cell reaction can be held. Consequently, the stable cell engine performance is not only obtained, but 
there is no danger, such as a liquid spill. Although ethyleneoxide structure, propylene oxide structure, etc. are 
mentioned as structure where compatibility is high, to the electrolytic solution, for example, it is not limited to this. 
[0023] Therefore, since the above operation is acquired in multiplication, this invention can offer easily the lithium 
cell which was excellent in reliability and was excellent in initial capacity, high rate charge/discharge capability 
ability, a cycle life, etc. 
[0024] 

[Example] The details of this invention are explained based on an example below. 
[0025] The cross section of the lithium cell of this invention is shown in drawing 1 . 

[0026] the positive electrode with which 1 used as the principal component the cobalt acid lithium which is positive 
active material in drawing 1 — it comes to be applied on the positive-electrode charge collector 3 which is a 
mixture and consists of aluminum foil moreover, the negative electrode with which 2 used as the principal 
component the carbon which is a negative-electrode active material — it comes to be applied on the negative- 
electrode charge collector 4 which is a mixture and consists of copper foil moreover, said positive electrode — a 
mixture 1 and a negative electrode — the laminating of the mixture 2 is carried out through the separator 5 which 
consists of a gel electrolyte. Furthermore, do in this way, the electrode group which carried out the laminating is 
closed with a cover, a four way type is closed by heat joining with the aluminum laminate film 6, and it considers as 
a lithium cell. 

[0027] Next, the manufacture method of the lithium cell of the above-mentioned configuration is explained, the start 
— a positive electrode — a mixture 1 is the following, and was made and obtained, after [ first, ] applying what 
mixed the acetylene black which is an electric conduction agent with the cobalt acid lithium which is positive active 
material, and mixed the N-methyl-2-pyrrolidone solution of polyvinylidene fluoride as a binder further on the 
aluminum foil which is the positive-electrode charge collector 3 — drying — a mixture — the positive-active- 
material sheet was obtained by pressing so that thickness may be set to 0.1mm. Next, it is one-mol UBF4 in 11. of 
gamma-butyrolactone. The electrolytic solution which mixed 2 organic-functions acrylate monomer with the 
structure shown in the dissolved electrolytic solution by ** 1 was produced. 
[0028] 
[Formula 1] 

CHa-CH-C— O- (CI hai20) 2 -^V- CHfoV(OCH2eH2>j -O-C-CH- CH2 
li I H 

O CH3 O 

[0029] Said positive-active-material sheet was immersed in this, and the electrolytic solution was sunk in. Then, the 
polymerization of the monomer was carried out for the positive-active-material sheet by ejection and electron beam 
irradiation from the electrolytic solution, and polymer was made to form, the above production process — a positive 
electrode — the mixture 1 was obtained, this time — a positive electrode — the layer which consists of a gel 
electrolyte with an average thickness of 2 micrometers was formed in the surface of a mixture 1 . 
[0030] moreover, a negative electrode — except for a mixture 2 using copper foil for the negative-electrode charge 
collector 4 using the carbon which is a negative-electrode active material — said positive electrode — it obtained 
by the same method as a mixture 1. a negative electrode — the layer which consists of a gel electrolyte with an 
average thickness of 2 micrometers was formed also in the surface of a mixture 2. 

[0031] On the other hand, a separator 5 is the following, and was made and obtained, first, UBF4 which is one-mol 
lithium salt at II. of gamma-butyrolactone as an organic solvent 2 organic-functions acrylate monomer with the 
structure shown in the dissolved electrolytic solution by ** 2 — mixing — a positive electrode — after applying on 
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a mixture 1 , the polymerization of the monomer was carried out by electron beam irradiation, and polymer was made 

to form and it considered as the gel electrolyte. The separator 5 was obtained according to the above production 

process. 

[0032] 

[Formula 2] 

CH3 

CH2 = CH-C-0- (CHiCHjO) ir^)~ C ~{o)-- (OCH2CH2) 13 - O - C-CH= CH2 
O CH3 O 

[0033] The lithium cell of capacity lOmAh produced by the above raw materials and processes was used as this 
invention cell A1. 

[0034] next, a negative electrode — what is shown in the acrylate monomer which is a raw material for forming the 
electrolyte used for a mixture 2 at ** 1 — using — a positive electrode — other conditions produced the lithium 
cell of capacity 10mAh, and used it as this invention cell B1 using what is shown in the acrylate monomer which is a 
raw material for forming the electrolyte used for a mixture 1 , and the electrolyte used for a separator 5 at ** 2 by 
the same raw material and the same process as this invention cell A1 

[0035] moreover, a positive electrode — a mixture 1 and a negative electrode — using what is shown in the 
acrylate monomer which is a raw material for forming the electrolyte used for a mixture 2, and the electrolyte used 
for a separator 5 at ** 1, by the same raw material and same process as this invention cell A1, other conditions 
produced the lithium cell of capacity 10mAh, and used it as this invention cell C1. 

[0036] the same — a positive electrode — what is shown in the acrylate monomer which is a raw material for 
forming a mixture 1 and the electrolyte used for a separator 5 at ** 1 — using — a negative electrode — other 
conditions produced the lithium cell of capacity 10mAh, and used it as this invention cell D1 using what is shown in 
the acrylate monomer which is a raw material for forming the electrolyte used for the electrolyte used for a mixture 
2 at ** 2 by the same raw material and the same process as this invention cell A1 

[0037] furthermore, a positive electrode — a mixture 1 and a negative electrode — using what is shown in the 
acrylate monomer which is a raw material for forming the electrolyte used for a mixture 2, and the electrolyte used 
for a separator 5 at ** 2, by the same raw material and same process as this invention cell A1 , other conditions 
produced the lithium cell of capacity 10mAh, and used it as the comparison cell El. 

[0038] At this time, the acrylate monomer shown in ** 1 Since the ethyleneoxide structure where compatibility is 
high, the alkyl structure where compatibility with an organic solvent is low, and a benzene frame with an organic 
solvent live together When what is shown in ** 1 is used for the acrylate monomer which is a raw material for 
forming the electrolyte used for a mixture 2, an electrolyte has the micropore of 1 micrometer or less of apertures, 
a positive electrode — a mixture 1 and a negative electrode — with a gel electrolyte It was checked that the liquid 
electrolytic solution of the isolation which exists in micropore is in the condition of being intermingled micro, the 
ethyleneoxide structure where the acrylate monomer shown in ** 2 on the other hand has high compatibility with an 
organic solvent — mainly — having — **** — a positive electrode — a mixture 1 and a negative electrode — 
when what is shown in ** 2 was used for the acrylate monomer which is a raw material for forming a mixture 2 and 
the electrolyte used for a separator 5, the electrolyte became uniform gel and it was checked it not only does not 
have micropore, but that the liquid electrolytic solution of isolation does not exist. 

[0039] In addition, the degree of swelling to the gamma-butyrolactone of the polymer which hardened the acrylate 
monomer shown in ** 1 is 1 1 5% in volume percentage, and the degree of swelling to the gamma-butyrolactone of 
the polymer which hardened the acrylate monomer shown in ** 2 is 220% in volume percentage. 
[0040] Moreover, the compressibility when compressing the electrolyte formed in 200 micrometers in thickness by 
the pressure of 1 .47x1 06 Pa using the acrylate monomer shown in ** 1 is 53.8% of the thickness before 
compression, and the compressibility of the electrolyte formed using the acrylate monomer shown in ** 2 is 86.2% of 
the thickness before compression. 

[0041] Next, about these this invention cells A1, B1, 01, and D1 and the comparison cell El, it discharges with 
various current values and the relation between the discharge current acquired as a result and discharge capacity is 
shown in drawing 2 . In addition, a test condition discharges to termination voltage 2.7V with various current, after 
charging to termination voltage 4.2V with 1mA (an equivalent for 0.1 CmA) current under the temperature of 20 
degrees C, and the percent when setting design capacity of a positive electrode to 100 shows discharge capacity. 
[0042] As for this invention cell D1 and the comparison cell E1, drawing 2 showed that even 1mA even of discharge 
currents was acquired 60 to 70% of design capacity, but even 5mA even of discharge currents was acquired for 85 - 
90% of discharge capacity of design capacity by obtaining about 100% of discharge capacity of design capacity by 
1mA of discharge currents by this invention cells A1 and B1 to only 30% or less of discharge capacity of design 
capacity being obtained in 5mA of discharge currents. Moreover, by 1 mA of discharge currents, as for this invention 
cell 01, it turned out that 85% of discharge capacity of design capacity is obtained, and 70% of discharge capacity of 
design capacity is obtained in 5mA of discharge currents. 

[0043] Furthermore, among [ A1 and B1 ] these this invention cells, about the comparison cell El, a charge-and- 
discharge cycle trial is performed and the relation between the number of cycles obtained as a result and discharge 
capacity is shown in drawing 3 . In addition, a test condition discharges to termination voltage 2.7V with 1mA 
current, after charging to termination voltage 4.2V with 1mA current under the temperature of 20 degrees C, and 
the percent when setting design capacity of a positive electrode to 100 shows discharge capacity. 
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[0044] From drawing 3 , capacity will fall gradually and the comparison cell E1 will be less than 50% of design 
capacity to 50 cycle eye the early stages of charge and discharge, if 70% of design capacity is obtained and it goes 
through a cycle. However, although, as for this invention cells A1 and B1, some capacity fall was looked at also even 
for after 300 cycle progress by about 100% of design capacity not only being obtained from the early stages of 
charge and discharge but the pan to this, it turned out that 80% or more of design capacity is held. 
[0045] The following things can be considered as a reason the result of drawing 2 and drawing 3 was obtained. First, 
by the comparison cell El, the electrolyte in a positive electrode and a negative electrode is uniform gel. and since it 
does not have micropore structure, migration of a lithium ion is difficult. If it furthermore says, since the electrolyte 
presentation in a positive electrode and a negative electrode and the electrolyte presentation in a separator are the 
same, the degree of swelling and compressibility to gamma-butyrolactone are quite high identically. Therefore, it is 
thought difficult to hold the cell engine performance on sufficient level at the time of low rate discharge. 
[0046] Since the electrolyte in a positive electrode at least has micropore and a gel electrolyte and the liquid 
electrolytic solution of the isolation which exists in micropore are in the condition of being intermingled micro, by 
this invention cell D1, although it is possible to realize smooth migration of a lithium ion on the other hand, the 
electrolyte presentation in a positive electrode and the electrolyte presentation in a separator are the same, and the 
degree of swelling and compressibility to gamma-butyrolactone are the same. Therefore, it is thought difficult to 
hold the cell engine performance on sufficient level at the time of low rate discharge. 

[0047] By this invention cell C1, the electrolyte in a negative electrode at least has micropore. Moreover, a gel 
electrolyte, From the liquid electrolytic solution of the isolation which exists in micropore being in the condition of 
being intermingled micro Although it is possible to realize smooth migration of a lithium ion, since the structure 
where compatibility is low is intermingled to the electrolytic solution in the electrolyte in a separator, it is 
considered to be difficult to hold sufficient electrolytic solution for advance of a cell reaction. Moreover, since the 
electrolyte presentation in a negative electrode and the electrolyte presentation in a separator are the same and 
the degree of swelling and compressibility to gamma-butyrolactone are the same, it is difficult to hold electrolytic 
solution for advance of a cell reaction with the sufficient electrolyte in a separator by migration of the organic 
solvent accompanying migration of the lithium ion in charge and discharge, and the thickness of a separator does 
not follow in footsteps of thickness change [ the electrode accompanying a charge-and-discharge reaction ] further, 
but it is thought that the interfaciai resistance between an electrode/separator is easy to go up. For this reason, it 
is thought that the effect which made the gel electrolyte in a negative electrode micropore structure is not fully 
acquired. On the other hand, by this invention cells A1 and B1, at least, the gel electrolyte in a positive electrode 
and a negative electrode, or a negative electrode has micropore, and since a gel electrolyte and the liquid 
electrolytic solution of the isolation which exists in micropore are in the condition of being intermingled micro, it is 
thought possible to realize smooth migration of a lithium ion. Moreover, since the swelling of the electrolyte in the 
electrode by migration of the organic solvent accompanying migration of the lithium ion in charge and discharge can 
be controlled since the electrolytic degree of swelling and electrolytic compressibility to gamma-butyrolactone in a 
negative electrode are lower than the electrolytic degree of swelling and electrolytic compressibility to gamma- 
butyrolactone in a separator, and electronic contact of an active material particle can be held, it is thought that the 
good engine performance has been obtained also at the time of high rate discharge. When the thickness of a 
separator furthermore follows in footsteps of thickness change [ the electrode accompanying a charge-and- 
discharge reaction ], it is thought that the rise of the interfaciai resistance between an electrode/separator is 
controlled. Since a polymer frame can gel easily with the electrolytic solution since the polymer which constitutes 
the electrolyte in a separator mainly has the polyethylene oxide structure where compatibility is high, to the 
electrolytic solution, if it furthermore says, and sufficient electrolytic solution for advance of a cell reaction can be 
held, it is thought that the cell engine performance stabilized by even after cycle progress is obtained. 
[0048] next, a positive electrode — the surface of a mixture 1, and a negative electrode — the positive electrode 
and negative electrode which formed the electrolyte layer in the surface of a mixture 2 by various thickness were 
produced, and by the same raw material and same process as this invention cell A1 , other conditions produced the 
lithium cell of capacity 10mAh, and used it as this invention cells A2-A6. 

[0049] The thickness of these this invention cells A1, the positive-electrode top electrolyte layer of A2-A6, and a 
negative-electrode top electrolyte layer is shown in a table 1 . 
[0050] 
[A table 1] 
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[0051] Next, according to the same test condition as drawing 2 , it discharges with various current values and the 
relation between the discharge current acquired as a result and discharge capacity is shown in drawing 4 about 
these this invention ceils A1 , and A2-A6. 

[0052] As for this invention cell A6, drawing 4 showed that even 5mA even of discharge currents was acquired for 
80% or more of discharge capacity of design capacity to only about 70% of discharge capacity of 1mA [ of discharge 
currents ] discharge capacity being obtained in this invention cells A1 and A2 - A5 by 5mA of discharge currents. 
[0053] as this reason — this invention cell A6 — a negative electrode — a mixture — since the thickness of a 
surface electrolyte layer is thick, the bulk resistor of an electrolyte layer becomes large and is considered to be 
inferior to high rate charge/discharge capability ability, therefore, a negative electrode — a mixture — as for the 
thickness of a surface electrolyte layer, it is desirable that it is 20 micrometers or less. 
[0054] 

[Effect of the Invention] According to the 1 st of this invention, it becomes possible to realize smooth migration of 
the lithium ion in the electrolyte of an electrode. Therefore, the cell engine performance can be held on sufficient 
level also at the time of high rate charge and discharge, and the lithium cell of the long lasting and stabilized cell 
engine performance can be obtained. 

[0055] According to the 2nd of this invention, the interfacial resistance between an electrode and a separator is 
reduced remarkably. Therefore, high rate charge/discharge capability ability and the cycle-life engine performance 
can be raised further. 

[0056] according to the 3rd of this invention — an electrolyte layer — an electrode — a mixture — the operation 
by having been formed in the surface can be acquired effectively. 

[0057] it not only becomes possible to hold electronic contact of an active material particle, but according to the 
4th of this invention, it can hold electrolytic solution for advance of a cell reaction with the sufficient electrolyte in a 
separator. Therefore, the effect of raising high rate charge/discharge capability ability and the cycle-life engine 
performance can obtain efficiently. 

[0058] According to the 5th of this invention, the effect of raising high rate charge/discharge capability ability and 
the cycle-life engine performance can obtain still more efficiently. 

[0059] According to the 6th of this invention, a polymer frame can gel easily with the electrolytic solution, and 
sufficient electrolytic solution for advance of a cell reaction can be held. Therefore, the stable cell engine 
performance is not only obtained, but there is no danger, such as a liquid spill. 

[0060] Since it is as having described above, even if according to this invention the above effect is acquired 
multiplication-wise and efficiently and does not need a special manufacturing process etc., the lithium cell excellent 
in initial capacity and high rate charge/discharge capability ability, and a cycle life can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the lithium cell of this invention. 

[Drawing 2] It is drawing having shown the discharge current when discharging with various current values, and the 
relation of discharge capacity about this invention cells A1, B1, and C1 and the comparison cells D1 and E1. 
[Drawing 3] It is drawing having shown the number of cycles when performing a charge-and-discharge cycle trial, 
and the relation of discharge capacity about this invention cells A1 and B1 and the comparison cell El. 
[Drawing 4] ft is drawing having shown the discharge current when discharging with various current values, and the 
relation of discharge capacity about this invention cell A1, and A2-A6. 
[Description of Notations] 

1 Positive Electrode — Mixture 

2 Negative Electrode — Mixture 

3 Positive-Electrode Charge Collector 

4 Negative-Electrode Charge Collector 

5 Separator 

6 Aluminum Laminate Film 
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[Drawing 3 ] 
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